, made ELISA routine for detecting all PPV strains. PCR has been used to identify the virus universally or strain-specifically by amplifying the variable N-terminal region of the viral coat protein (CP) and the conserved 3′ untranslated region (Wetzel at al., 1991; Levy and Hadidi, 1994; Olmos et al., 1996; Candresse et al., 1998) . Sequence analysis is accepted as the most reliable method to identify the virus. Similar to other plant viruses, PPV has been mostly analyzed by sequencing the viral CP gene (Bousalem et al., 1994; Candresse et al. 1998) . Typing methods for the P3-6K1 region have also been developed, and the P3-6K1 region has been used for PPV variability studies, allowing PPV subgroup discrimination independent of the CP (Glasa et al., 2002) . P1 and P3 are the most variable regions among Potyvirus species, whereas P3 is quite conserved among different strains of a given virus (Ward et al., 1992; Aleman-Verdaguer et al., 1997) . In a study of four complete PPV sequences conducted by Palkovics et al. (1993) , PPV exhibited a higher frequency of amino acid (aa) changes in the N-terminus of CP, P1, and P3, and the C-terminus of HC proteins. The P3-6K1 region of the virus has also been used in several subsequent studies, allowing reliable PPV subgroup discrimination Matic et al., 2006; Dallot et al., 2011) . Šubr and Glasa (2008) reviewed PPV variability and suggested that the P3-6K1 region with a high degree of interstrain heterogeneity may also be used for PPV typing. Recombination is common in plant viruses and should be considered during interpretation of sequence analysis. For example, PPV-Rec is a result of recombination between PPV-M and PPV-D, and its N-terminus comes from PPV-M strains. Therefore, PPV-Rec is genetically closer to the PPV-M strain than to the PPV-D strain based on sequence similarity of N-terminal sequence analysis, whereas it shows closer similarity to D isolates when comparing P3-6K1 regions. Comparing complete sequences is a more reliable approach than partial sequencing (Šubr and Glasa, 2008) .
PPV occurrence in Turkey was first detected in 1968, and since then several reports describing PPV incidence have been released. Edirne, a region neighboring Bulgaria, was the first province where PPV was observed in Turkey. Subsequently, it was detected in the Central Anatolia, Marmara, Mediterranean, Aegean, and Black Sea regions (Şahtiyancı, 1969; Kurçman, 1973; Yürektürk, 1984; Erdiler, 1988; Elibüyük and Erdiller, 1991; Elibüyük, 2003 Elibüyük, , 2004 Elibüyük, , 2006 Sertkaya et al., 2003; Koç and Baloğlu, 2006; Candresse et al., 2007; Gümüş et al., 2007; İlbağı et al., 2008; Ulubaş Serçe et al., 2009; Akbaş et al., 2011; Ceylan et al., 2014; İlbağ and Çıtır, 2014, Deligöz et al., 2015) . ELISA and PCR approaches were mostly performed to detect PPV in Turkey. For example, Sertkaya et al. (2003) performed double antibody sandwich (DAS)-ELISA, reverse transcription (RT)-PCR, and RFLP RT-PCR to characterize Turkish PPV isolates. Double antibody sandwich indirect (DASI)-ELISA and molecular typing showed that 2 of 52 stone fruit samples collected from apricots in Ankara Province were infected with the M strain of PPV. Based on DAS-ELISA typing, Elibüyük (2003 Elibüyük ( , 2004 Elibüyük ( , 2006 reported that many apricots, plums, and peaches are infected with PPV-D, M, and a mix of D and M in Ankara, which is accepted as the most infected region in Turkey. Sequence analysis was also performed for characterization and strain identification of Turkish isolates. First, analyzed the sequences of a Turkish isolate, and later Ulubaş Serçe et al. (2009) studied a group of Turkish isolates in detail by sequencing full genomes and fragments of the isolates. The incidence of PPV-Rec in Isparta, Turkey (Candresse et al., 2007) , and PPV-T infection in almonds in Tekirdağ were also determined by sequence analysis (İlbağ and Çıtır, 2014) .
Horticultural plants are very important for the human diet as sources of vitamins, minerals, and dietary fiber and they moreover become a significant part of human life due to their medicinal and environmental uses as well as aesthetics and economic values. The stem, leaf, flowers, roots, and fruits of vegetables and fruit crops have the highest potential of export (Bajpai et al., 2014; Kaczmarska et al., 2015; Mlcek et al., 2015; Wojnicka-Poltorak et al., 2015) . Turkey is a horticultural country with high production and consumption of fruits and vegetables. Among fruits, stone fruits have a significant place in Turkey, accounting for 14% of fruit production, the third most significant after pome and citrus fruits (http://faostat.fao.org/). Turkey is the leading apricot-producing country in the world, providing 70% of the dried apricots consumed worldwide, and exports approximately $300 million to $350 million's worth of dried apricots annually. Turkey is also a top producer of cherries and a good producer of peaches, plums, and almonds. Unfortunately, studies show that stone fruits are mostly susceptible to PPV. To date, resistance has been found only in the North American apricot germplasm (Kegler et al., 1998; , in Stark Early Orange, Goldrich, Harlayne, Stella, and Harcot. These cultivars are mostly used as resistance sources for apricot breeding. A recent study showed that Turkish apricots mostly lack the North American-type resistance (Gürcan et al., 2015) . Therefore, comprehensive knowledge of the prevalence and genetic variability of PPV is important for effective disease management, which is important for the stone fruit industry. Although PPV variability in European countries has been well studied, PPV strain identification with sequence analysis and variability in Turkey has been poorly investigated. PPV strains and variability in Turkey should be examined and elucidated in more detailed. In the present study, we aim to discover the strains in infected regions and the genetic variability of the virus in Turkey.
Materials and Methods

Sample collection
The following provinces were visited: Ankara, Aksaray, Antalya, Aydın, Balıkesir, Burdur, Bursa, Çanakkale, Denizli, Eskişehir, Isparta, İstanbul, İzmir, Kayseri, Kırşehir, Kırklareli, Konya, Malatya, Manisa, Nevşehir, Niğde, Sivas, Tekirdağ, Yalova, and Yozgat. In total, 612 samples were collected in either early summer or early spring of 2012 and 2013. Five to 10 leaves with symptoms were taken from each tree. Mostly symptom-showing apricot and plum trees were collected, but not all samples with symptoms were collected. Because we did not observe clear symptoms on peach leaves, samples were taken from peach trees only when they were located close to symptom-showing apricot and plum trees. In commercial apricot, peach, and plum orchards, samples were collected from only those orchards that were previously known to have PPV symptoms based on information provided by local agricultural officers. Of the total samples, 469 were apricot, 71 were plum, and 60 were peach. The provinces from which the samples were collected are listed in Table  1 . More samples from different neighborhoods of Ankara were gathered because previous papers have reported that Ankara is highly infected.
Double antibody sandwich indirect-ELISA
Leaves showing PPV symptoms were taken to the laboratory, and a plant extract was prepared according to the procedure of the European and Mediterranean Plant Initially, PCRs were conducted using primers P1 and P2, which are specific to all strains (Wetzel et al., 1991) . Molecular typing for strain identification is done only on the CP gene, using P1/PD and P1/PM. Primers P1/ PD and P1/PM were used to identify the PPV-D and PPV-M strains, respectively (Olmos et al., 1997) . These primers were developed from the CP gene of the virus. PCR was performed using 2 µL of cDNA, 1.5 µL of 10X Taq polymerase buffer, 12 pM each of forward and reverse primers, 35 µM MgCl 2 , 27 µM each of dNTPs, 0.2 U of Taq DNA polymerase (Thermo Fisher Scientific Inc.), and water to a total volume of 15 µL. PCR amplification was performed on a T100 Termal Cycler (Bio-Rad Laboratories, Hercules CA, USA) using a PCR program as follows: initial 2 min at 94 °C followed by 40 cycles of 30 s at 94 °C, 30 s at 60 °C, and 1 min at 72 °C, with a final extension for 7 min at 72 °C. The products were run on 2% agarose gels prepared with TBE buffer. P1/P2, P1/PM, and P1/PD produce 243-, 198-, and 198 -bp amplicons, respectively.
Sequencing PCR
For the sequence analysis, the genomic region corresponded to nucleotides (nt) 2915-3750 (numbered according to GenBank AJ243957), covering the 3′ terminal part of P3, the entire 6K1 gene, and the 5′ terminal part of the CI gene, was amplified by the PP3/PCI primer pair developed by Glasa et al. (2002a) . Fifteen-microliter PCR was performed as described previously. The PCR conditions were the same as in Section 2.3, except that the annealing temperature was 55 °C. For visualizing the PCR fragments, 5 µL of the PCR product was used, and the remaining 10 µL was cleaned up with the ExoSAP protocol; 0.5 µL of exonuclease I (1 U/µL), 1 µL of shrimp alkaline phosphatase (20 U/µL), and 5 µL of PCR product were mixed and kept at 37 °C for 30 min, followed by 80 °C for 15 min for final inactivation of the enzymes. The subsequent sequence reaction was performed using the BigDye Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA), and the purification of sequence products was done with the BigDye XTerminator Purification Kit (Applied Biosystems). Briefly, 8-25 ng of PCR product, 2 µL of BigDye reaction mix, 2 µL of 5X Sequencing Buffer, and 1.2 pM primer were mixed and brought up to 10 µL with pure water. The sequencing PCR was initiated at first at 95 °C for 1 min, and then 35 cycles (95 °C 1 min, 50 °C 15 s, 60 °C 4 min) were performed. The final PCR products were cleaned up again, adding 40 µL of SAM solution and 10 µL of XTerminator solution from the purification kit and keeping it for 30 min at 2000 g. Finally, the mixtures were centrifuged at 1000 rpm for 2 min and loaded to the ABI Prism 3500 DNA Analyzer (Applied Biosystems).
Sequence analyses
The sequences obtained from the DNA analyzer were visualized using the software BioEdit (http://www. mbio.ncsu.edu/bioedit/bioedit.html). In total, 127 PPV sequences, including the P3 and 6K1 regions of isolates deposited in GenBank, were used for the analysis. The list of GenBank isolates is provided in the Appendix. All sequences were aligned using BioEdit and ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/), and the sequences were trimmed to 664 bp to form clear consensus sequences. The number of changes at nucleated and aa levels were counted from the BioEdit alignment when all isolates belonging to a strain showed the change. The sequences were further analyzed using Mega 6 (Tamura et al., 2013) , and the neighbor-joining method was used for phylogenetic tree construction, with a bootstrap value of 1000. Estimates of average evolutionary divergence over sequence pairs within groups and the intragroup genetic variability analyses were conducted using the maximum composite likelihood model (Tamura et al., 2004) implemented in MEGA 6. The novel sequences obtained in this study have been deposited in the GenBank database and have been assigned the accession numbers KM409731-KM410044. The names of the isolates deposited in GenBank were made by combining the province name, district name, tree species, and order number in the collection. For example, KnMvAp326 stands for Konya (the province), Mevlana (the district in the province), apricot, and the collection number.
Results
Plum pox virus occurrence
In total, 612 samples were collected in 2012 and 2013. Samples were taken from either residential gardens or commercial orchards. The samples were collected from districts where PPV occurrence had been known previously. Of the total, 524 (86%) samples were identified as PPV-positive (Table 1) . In most cases, symptomatic leaves were collected; thus, random sampling was not performed. Therefore, the rate of infected samples is not likely to represent the prevalence of PPV in the provinces. Indeed, we observed that most apricot trees in the Ortaköy district of Aksaray, in Ankara, in Kayseri, and in old districts of Konya and İstanbul exhibited PPV symptoms, but we did not collect samples from all the trees exhibiting symptoms of PPV. The numbers of positive samples in apricot samples in Kayseri, Ankara, Konya, the Ortaköy district of Aksaray, and İstanbul were found to be 88 (98%), 140 (97%), 57 (97%), 70 (96%), and 20 (80%), respectively. Although some plums exhibited PPV symptoms, many plums (as well as cherries and peaches) did not show obvious PPV symptoms. The number of positives samples in plum samples in Kayseri, Ankara, Konya, the Ortaköy district of Aksaray, and İstanbul were found to be 15 (79%), 13 (93%), 11 (73%), 12 (80%), and 6 (67%), respectively.
The location, sample tree, number of infected samples, and infection rate for all samples are shown in Table 1 . In Eskişehir, only four PPV symptom-showing apricots were found close to each other, and only one infected apricot tree in the Kırklareli city center was observed. Although sometimes leaves were also gathered from surrounding trees in these two provinces, PPV was detected only on symptom-showing trees in general. We did not observe symptoms in the city centers of Antalya, Balıkesir, Burdur, Bursa, Kırşehir, Malatya, Manisa, Nevşehir, Niğde, Sivas, Yalova, or Yozgat. In commercial orchards, samples were collected only from those orchards that were reported to have PPV symptoms based on information provided by local agricultural officers. PPV symptoms in apricot, plum, and peach orchards in Aydın, Bursa, Çanakkale, Denizli, İzmir, and Kayseri were identified. A map of Turkey presenting the PPV-infected districts is shown in Figure 1 . Photos of fruits with symptoms were taken when infected fields were revisited (Figure 2 ).
Plum pox virus strain identification
Serologic and molecular typing was performed for strain identification (Table 2) values for Aksaray samples ranged from -0.073 to 0.004, even though PPV-T samples exhibited good affinity for the 4D antibody ranging from 0.207 to 1.51, whereas negative sample values ranged from -0.085 to 0.010.
For molecular typing, RT-PCR with three primer pairs and sequence analysis was performed. Random-primed cDNA was constructed for all the samples, and PCR was performed using the available published primers: P1/P2 specific to all PPV strains, P1/PD specific to D, and P1/ PM specific to PPV-M. The primers P1/P2, P1/PM, and P1/PD amplified 524, 513, and 89 samples, respectively. cDNA libraries were further amplified using a PP3/PCI primer pair to obtain an 836-bp amplification product representing the C-terminal of the P3 gene and the 6K1 gene of the PPV genome. A successful PCR product was obtained from 421 samples. PCR products were then sequenced using the PP3 primer. Good quality sequences were trimmed to obtain consensus. The consensus fragments included a 664-nt length spanning 511 nt of the C-terminal of the P3 gene and 153 nt of the 6K1 gene. A total of 314 sequences were obtained.
Although serological and PCR typing were performed for strain identification, reliable PPV typing was obtained from the sequencing analysis. This result happened mainly because there are no available monoclonal antibodies or PCR primers for the T strain. In addition to this disadvantage, a high proportion of isolates were identified as PPV-T in the Turkish PPV isolate pool by sequence analysis. Moreover, samples from Aksaray failed to bind D-specific antibodies. Thus, the ELISA produced confusing results. P1/PM primer pairs amplified all isolates as the PPV-universal P1/P2 primer did. Therefore, for an accurate interpretation of strains of isolates, we focused on sequence analysis. PPV-D, PPV-M, PPV-T, and Rec strains were identified in different districts of the country. Of the 314 sequenced isolates, 190 (60.51%), 84 (26.75%), 39 (12.42%), and 1 (0.32%) were identified as PPV-T, PPV-D, PPV-M, and PPV-Rec, respectively. Isolates of the Ortaköy district of Aksaray were identified as PPV-D. In Ankara, which is already known to be highly infected, 115 (94.26%) of the total isolates were identified as PPV-T and the rest as PPV-D. PPV-D isolates in Ankara were only identified in the Çankaya district, but T samples were distributed over all neighborhoods of the city. Like Ankara, isolates of Konya were found to be PPV-D and PPV-T. Isolates of İstanbul and Tekirdağ were identified as PPV-D, PPV-M, and PPV-T strains. Residential trees in Kayseri and one apricot tree in Kırklareli were found to host PPV-T isolates. The positive samples of Eskişehir were identified as PPV-D. Isolates of orchards collected from Aydın, Çanakkale, Denizli, Isparta, and Kayseri were identified as the PPV-M strain, whereas an orchard in İzmir was found to host the PPV-T strain. However, orchards in Bursa were found to host PPV-D isolates, and only one isolate in Bursa was identified as PPV-Rec. This Rec isolate was the only strain identified in the country, other than PPV-D, PPV-M, and PPV-T strains.
Phylogenetic analysis based on the P3-6K1 region
Neighbor-joining phylogenetic analysis of P3-6K1 genes of 314 novel and 132 GenBank-deposited PPV isolates was performed using the method of maximum composite likelihood implemented in MEGA software. As a result of this analysis, Turkish isolates were grouped with the PPV-D, PPV-M, PPV-Rec, and PPV-T records of GenBank. The number of variable nucleotides and variable aa residues among the groups were counted directly after The strains were assumed based on sequence analysis and grouping of the phylogenetic analysis.
obtaining consensus for each group of D, M, and T strains. The number of variable nucleotides among D, M, and T groups ranged from 5 to 91 (Table 3) , whereas 12 variable aa positions were observed among M, D, and T isolates (Table 4) . All the PPV-T isolates collected in this study grouped with GenBank T records (Figure 3a) . PPV-T isolates were grouped into two clusters on the dendrogram and named as Ta and Tb, although the two groups were not supported with a high bootstrap value (67%). However, two groupings were needed to explain the number of variable nucleotides (Table 3 ) and variable aa residues among the group of isolates (Table 4 ). Ta and Tb differed at nine nucleotides in the P3-6K1 region. At seven positions (3109, 3249, 3272, 3381, 3450, 3566, and 3572) , Ta had nucleotides identical to the PPV-D isolates, whereas the PPV-Tb isolates were identical to the PPV-M isolates at the same seven of nine positions. Ta and Tb show three aa residue mutations, and Ta is identical to the D isolates for these three positions. Tb differs from Ma and Mb at only one position (1076) but not from the group of M İstanbul. PPV-Ta consisted mainly of samples collected from Ankara, Kayseri, and Konya. Ta isolates were not found in other regions where T isolates were identified. All isolates from Kayseri were grouped together, along with 10 samples from Ankara (Figure 3b) . The PPV-Tb group showed more diversity, including isolates from Ankara, İstanbul, İzmir, Konya, Kırklareli, and Tekirdağ. Samples from Konya grouped together under PPV-Tb. The GenBank isolates Abtk, PI38, and PI45 placed in the Ta group, whereas AP39 was positioned in the Tb group. All of the PPV-M isolates collected from the orchards in Turkey dispersed among European PPV-M isolates (Figure 3c ). However, 13 isolates of İstanbul formed a separate group adjacent to European PPV-M isolates. Previously, Dallot et al. (2011) suggested that PPV-M could be classified into two groups: PPV-Ma and PPV-Mb. Orchard PPV-M isolates did not show a consensus nucleotide difference from the European PPV-M isolates. In contrast, İstanbul M isolates differed at 8-and 10-nt positions from Ma and Mb, respectively. D isolates in Turkey except only one sample grouped together on the phylogenetic tree with a low bootstrap value of 52% ( Figure  3d) . Samples from the each province partly clustered together, slightly reflecting their geographic separation. All isolates of Aksaray formed a group supported by a 62% bootstrap value, and they differed at 6 and 15 nt from the remaining D isolates of Turkey and GenBank D samples, respectively. The remaining D isolates (other than the isolates of Aksaray) in Turkey differed from GenBank D isolates by 11 nt. The D isolate of Aksaray differs from the global D isolate at 2 aa residue positions, whereas there is only one mutation difference between Turkish D isolates (except D isolates of Aksaray) and global D isolates.
The average evolutionary divergence over sequence pairs within groups was estimated for groups that had more than one GenBank record for the P3-6K1 region. The isolate numbers within groups are shown in Table  5 . Overall, diversity in the PPV population was found to be 0.054 for the 446 PPV isolates. The mean intragroup diversity was the highest (0.049) for W. M, Rec, and T exhibited the same mean intragroup diversity, 0.017. C, D Turkey, D GenBank, and CR strains showed 0.14, 0.012, 0.009, and 0.007 intragroup diversity, respectively. The 13 M isolates, which were identified only in İstanbul, exhibited 0.005 intragroup diversity. Similarity over sequence pairs between groups was estimated (Table 6) . PPV-T showed identity with An, M, Rec, D, EA, CR, W, and C at percentages of 96.9%, 96.3%, 85.8%, 85.1%, 69.2%, 68.1%, 65.3%, and 65.0%, respectively.
Discussion
PPV strains and variability in Turkey were studied; PPV infection was identified in Adana, Ankara, Aydın, Aksaray, Bursa, Çanakkale, Denizli, Isparta, İzmir, İstanbul, Kayseri, Konya, Kırklareli, and Tekirdağ. Since PPV was first reported in 1969, several studies have showed PPV occurrence in different locations: Ankara, Antalya, Aksaray, Edirne, Balıkesir, Bilecik, Bursa, Çanakkale, Kayseri, Konya, İzmir, İzmit, Manisa, Mersin, Sakarya, Samsun, Tekirdağ, and Yalova (Kurçman, 1973 , Yürektürk, 1984 Dunez, 1986; Erdiller, 1988; Elibüyük and Erdiller, 1991; Azeri, 1994; Elibüyük, 2003 Elibüyük, , 2004 Elibüyük, , 2006 Koç and Baloğlu, 2006; Candresse et al., 2007; Gümüş et al., 2007; Çıtır and İlbağı, 2008; İlbağı et al., 2008; Akbaş et al., 2011; Ulubaş Serçe et al., 2011; Çelik and Topkaya Kütük, 2013; Ceylan et al., 2014; İlbağ and Çıtır, 2014; Deligöz et al., 2015) . PPV in Aydın, Denizli, Eskişehir, İstanbul, and Kırklareli has been reported for the first time in the present study. Determining new infected locations suggests that the spread of PPV continues in the country.
Phylogenetic clustering and genetic similarity based on the P3-6K1 region of the 314 Turkish isolates enabled us to determine the strains of isolates in Turkey more precisely comparing ELISA test and PCR primers. This is mainly because currently there are no available monoclonal antibody and primer pairs to capture PPV-T isolates. Without sequencing, we could not distinguish PPV-T isolates from PPV-M isolates. Sequence analysis confirmed the existence of PPV-M and PPV-T strains in the Turkish isolate pool. However, it is worthwhile to mention that molecular typing with strain-specific primers is powerful even though no specific PPV-T primers are yet available. The sequences of PPV-T isolates obtained during this study should help in designing specific PPV-T primers. The PPV-T strain was identified in Ankara, İzmir, İstanbul, Kayseri, Konya, Kırklareli, and Tekirdağ and was found to be the dominant strain in the Turkish PPV pool. In previous studies, PPV-T isolates were reported Table 5 . Estimates of evolutionary similarity over sequence pairs between groups based on 664-nt length, spanning 511 nt of the C-terminal of the P3 gene and 153 nt of the 6K1 gene. The number of base substitutions per site from averaging over all sequence pairs between groups is shown. Standard error estimates are shown above the diagonal. The number of accessions analyzed per group is shown in parentheses. İlbağ and Çıtır, 2014; Deligöz et al., 2015) . Here, PPV-M isolates were identified in Aydın, Çanakkale, Denizli, İstanbul, and Isparta. In earlier research, PPV-M was identified in orchards of Adana (Koç and Baloğlu, 2006) , Çanakkale, Mersin, Hatay (Ulubaş Serçe et al., 2011) , the Yahyalı district of Kayseri (Ceylan et al., 2012) , and Antalya (Çelik and Topkaya Kütük, 2013) . In all these studies, PPV was identified in newly established peach or apricot orchards (usually 4-7 years old). Similarly, we identified PPV-M strains in young orchards of apricots in Aydın and Denizli, as well as in young orchards of peaches in Çanakkale and Isparta. We assume that these PPV-M isolates are likely newly introduced through illegal seedling traffic because it is known that peach and apricot orchards in coastal regions have been established with early ripening European breeding varieties rather than local varieties. The phylogenetic analysis of PPV-M isolates collected from orchards supported the idea that these M isolates could be introduced because they are distributed in the European PPV-M isolates' group on the dendrogram, without forming a separate group. However, PPV-M isolates in İstanbul that were collected from residential gardens formed a separate group on the phylogenetic tree, suggesting that M İstanbul isolates are not likely a recent introduction. PPV-M was also identified in Ankara by several studies (Elibüyük, 2003 (Elibüyük, , 2004 Sertkaya et al., 2003) by mostly using PPV-M-specific monoclonal antibodies. We assume that PPV-T samples in Ankara were misidentified as PPV-M. The reason for misinterpretation was already revealed by previous studies reported by Boscia et al. (1997) , Myrta et al. (1998), and Candresse et al. (1998) . These researchers showed that PPV-T isolates reacted to some PPV-M-specific monoclonal antibodies. In our study, PPV-T isolates also reacted to the PPV-M-specific antibody AL. Some isolates collected in the residential gardens of the Ortaköy district of Aksaray, Bursa, Eskişehir, Konya, İstanbul, and Tekirdağ and in orchards of Bursa were identified as PPV-D. The occurrence of PPV-D was previously reported in Ankara (Elibüyük, 2004) . Based on serological testing, that author reported that apricots and plums were infected by PPV-D at rates of 4.2% and 2.9%, respectively. It was also reported that apricots, plums, and peaches have mixed infection of PPV-M and PPV-D, with rates of 21.3%, 20.3%, and 6.2% in Ankara, respectively (Elibüyük, 2004) . Our findings are partly compatible with reports of Elibüyük (2011) . Based on sequence data, we also identified PPV-D infection in Ankara. However, we are cautious about the rates of mixed infection in Ankara. We assume that most of the mixed infections identified by Elibüyük (2011) could be PPV-T, similar to the misinterpretation of PPV-T as PPV-M, because T isolates could also react to PPV-D-specific antibodies Candresse et al., 1998; Myrta et al., 1998) . Other than D isolates in Ankara, PPV-D occurrence has not been reported in other regions in Turkey. Therefore, the PPV-D strain in the Ortaköy district of Aksaray, Bursa, Eskişehir, Konya, İstanbul, and Tekirdağ was identified for the first time. In addition to PPV-M, -D, and -T strains, an isolate in Bursa was identified as PPVRec. The incidence of PPV-Rec was also reported once in Isparta in the country (Candresse et al., 2007) . We did not collect many samples from Bursa. In a national-level survey, Akbaş et al. (2011) reported infection occurrence in different provinces and obtained the highest total infection in the province of Bursa, which is known as a main peach-producing location in the country. Moreover, Bursa is one of the main locations for nursery farming in the country, so the seedlings of varieties of European breeding programs are distributed from Bursa to the rest of the country. A more detailed survey in Bursa is needed to elucidate the prevalence of PV-Rec and other strains. Nucleotide sequences for entire genomes and for informative genome portions, such as P3-6K1 and NIb-CP, are available in GenBank for PPV-M isolates prevalent throughout southern, eastern, and central Europe. Full genomes of PPV-D isolates obtained from many countries including the United States, Canada, and Japan, in addition to European countries, are also available in GenBank. Genomic information has also been produced for PPV-Rec, PPV-W, and PPV-CR (Matic et al., 2006; Thompson et al., 2009; Glasa et al., 2011; Sheveleva et al., 2012; Chirkov et al., 2013; Glasa et al., 2013; Mavrodieva et al., 2013) . However, there was a limited genomic record of PPV-T, which was only detected in Turkey and Albania (Ulubaş Serçe et al., 2009; Palmisano et al., 2015) , in GenBank. Moreover, there were no records of Turkish PPV-D and PPV-M sequences in GenBank. We have sequenced the P3-6K1 region of Turkish D and M isolates and T isolates. The sequences enabled us to determine the genetic variability of PPV-T, Turkish PPV-D, and PPV-M isolates, as well as to compare Turkish isolates with global PPV records. Relatively high intrastrain genetic variability was detected in Turkish PPV isolates. PPV-D in Turkey exhibited slightly higher genetic variability than global D isolates. Genetic variation in viruses is generated by mutation and recombination. Once a genetic change has occurred, the frequency of genetic variants in the population may be determined by several factors including drift and selection. Host-associated and vector-associated selections are major factors for explaining the frequency of genetic variants (García-Arenal et al., 2003) . The aphid transmission nature of the virus in Turkey could be one of the explanations for higher genetic variation. After an infection occurs in a region, transmission of isolates probably happens by one tree with aphids in residential home gardens because stone fruits in residential gardens are mostly not varieties but are grown from seeds. In clonally propagated orchards, trees originate from a limited number of bud donor trees. Because of that, PPV may be transferred long distances by seedlings and without showing much genetic diversity. However, if trees are propagated by seedlings, infection of each tree is likely to be a new occurrence by aphid transformation. Turkish PPV-D, PPV-M isolates of İstanbul, and PPV-T isolates grouped together on the phylogenetic tree. This can be interpreted as the demonstration of a long history for PPV-D, PPV-M isolates of İstanbul, and PPV-T strain in the country. Only PPV-M isolates collected from orchards dispersed into the group of European PPV-M isolates in the phylogenetic tree. This suggests that recent introductions of European M isolates have occurred or still continue to occur in the country.
PPV-T, Turkish D, and Turkish M strains showed subgroups on the phylogenetic tree, without supportive bootstrap values. However, there are some clues to consider them as candidates for future studies. For example, Ta and Tb differed at 9 nt, and at these positions, Ta had nucleotides identical to the PPV-D isolates, whereas the PPV-Tb isolates were identical to the PPV-M isolates. The PPV-M isolates from different provinces grouped with European PPV-M isolates, but only PPV-M isolates of residential trees in İstanbul formed a separate group. Grouping of Turkish D isolates is likely to reflect their collection geography. However, the subgroups of the strain were not supported with reliable bootstrap values, and limited genomic regions were investigated in this study. Therefore, the subgrouping in Turkish isolates and depiction of the subgroups on the phylogenetic trees in Figure 3 was performed with an intention of better expressing the genetic relations among the Turkish isolates and providing clues for further investigations, such as full genome sequencing or biological characterization.
In conclusion, determining the new occurrence of PPV in some provinces suggested that PPV continues to spread in the country. A high prevalence of PPV infections was observed in the city centers of İstanbul and Konya, and in Ortaköy in Aksaray, in addition to Ankara and Kayseri, both of which were already known to have high prevalence rates of infection. PPV-T and PPV-D strains were mostly identified in residential gardens in city centers. However, European PPV-M isolates were identified in orchards of Aydın, Çanakkale, Denizli, Isparta, and Kayseri. This supported the previous reports that new orchards were infected with the PPV-M strain, especially in the coastal region, and phylogenetic analysis demonstrated that M isolates in orchards could be new introductions in Turkey. However, like PPV-T isolates, Turkish PPV-D and PPV-M isolates of İstanbul could have been present in the country for a long time. Full genome sequences of more samples may reveal more about the spread and history of the virus in the country. The increase in the spread of the virus in the country and its high variability are potential threats to the stone fruit industry.
